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Abstract. A new approacho theanalysisof threebodydecaysds presentedMeasurementsf the
Swave K1t amplitudeare madein independentangesof invariantmassfrom thresholdup to the
upperkinematiclimit in D* — Kttt decaysTheseare comparedwith resultsobtainedfrom
afit wherethe Swave is assumedo have k andK;(1430) resonancesResultsarealsocompared

with measurementsf K~ 1™ elasticscatteringContributionsfrom | = % andl = % arenotresohed
in thisstudy If | = % dominateshowever, the Watsontheoremprediction,thatthe phasebehaour

below Kn’ thresholdshouldmatchthatin elasticscatterings not well supportedoy thesedata.
Productionof K=ttt from theseD decayss alsostudied.

INTRODUCTION

Decaysof D andB mesonshav promiseasa sourceof informationon thelight-quark
mesonghey produceTheirdecaygo S'wave systemsn threepseudo-scaldmal states,
mayhelpto improve ourknowledgeof theparticularlyconfusingscalameson(J” = 0+)
spectrum.Until now, extracting suchinformation hasbeendonein model-dependent
ways that make assumptionsaboutthe scalarstatesobsered that can influencethe
results.With large, cleansamplesof suchdecays.anticipatedto be coming from the
B factoriesandthe Tevatroncollider, the needfor new approachess a priority.

Knowledgeof strangescalarmesonshasrelied on measurementsef Swave K~ 1t"
scattering.Thesecomeprincipally from SLAC experimentE135(LASS) [1] andcover
the invariantmassrangeabove 825 MeV/c? . Datafrom otherexperimentsbelow this
rangeexist, but with lessprecision[2]. More measurements the low massregion are
requiredif the possibility of the existenceof ak stateis to be properlyevaluated.

In this paper a study of the decays[3] D™ — K~m"t" obsered in datafrom
FermilabexperimentE791is presentedin anearlieranalysig4] theK~m" Swave was
modelledwith Breit-Wigner (BW) amplitudesfor k andK;(1430) resonancesA less
model-dependerdanalysisis presentechere.Swave amplitudesare measuredvithout
assumingry specificdependencen K1t invariantmassor onthe presencef scalar
resonancefResultsarecomparedvith theamplitudefrom our earlieranalysisandalso
with measurementsom LASS.
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DATA SAMPLE

The selectionprocessfor eventsusedin this paperis describedn Ref. [4]. A signal
consistingof 15,079D" — K~ 1i{ 1 decayswith apurity of ~ 94%,is obtained Fig. 1
shavstheDalitz plotwith theK ~ 1} invariantmasssquaredlottedvs.thatfor theK—Trg
system.Horizontal (and symmetrizedvertical) bandscorrespondingo the K*(892)
resonanceare clearly seen.A comple patternof both constructve and destructve
interferenceis seennear2 (GeV/c? ) dueto presenceof K3(1430), K;(1410 and
K5(1430. Evidencefor K;(1680), difficult to seedueto smearingof the Dalitz plot
boundaryresultingfrom thefinite resolutionin thethree-bodyD™ massmayalsoexist.

FIGURE 1. Dalitzplotfor D* — K™t} 1¢f decaysThesquarednvariantmassof oneK™ 1t combina-
tion is plottedagainsthe othercombination.The plot is symmetrizedeacheventappearingwice. Lines
in bothdirectionsindicatevalues,equallyspacedn squareceffective mass at eachof which the Swave
amplitudeis determinedy the methoddescribedn thetext. Kinematicboundariegor the Dalitz plot are
drawn for three-bodymassvaluesM = 1.810andM = 1.890GeV/c? , betweerwhich dataareselected.

An asymmetryalongthe K*(892) bands,mosteasilydescribedy interferencewith
a significantS-wave componento thesedecaysjs alsoobsened. Informationon this
Swave amplitudeis obtainedfrom its interferencewith the K*(892), andalsothe other
well-establishedesonances the Dalitz plot.

METHOD

In Ref. [4], asin mostearlieranalysesf D decayso threepseudo-scalgparticlesi jk,
theisobamodel,with BW resonancéorms,is used.Thedecayamplitude4 is described
by a sumof quasitwo-bodytermsD — R+k, R— i+ j, in eachof thethreechannels
k=1,23:

Fr(p,rr,J)
Mg, —S—img, M, (S)

_ N
4 = doé50+zdne15n x Fp(q,rp,J) My(p,q) (1)
n=1



Thesquarednvariantmassof thei j systenis s, J is thespin,mg, themassandr g, (s) the
width of eachof the N resonanceR,, seento be contributing to thedecayFor J > 0, F;
andF, areBlatt-Weisslopf form factors[5], with effective radiusparametersg andrp,
for all R, andfor theparentD mesonyespectiely. For J = 0, a Gaussiariorm suggested
by Tornqvist[6] is usedfor the D. The momenta,p andd for i andk, respectiely, are
definedin theij restframe,andM;(p,q) = (—2pq)Ps(p- §) is introducedto describe
spin conseration in the decay The complex coeficientsd,é® (n = 0,N) dependon
the D decayand are determinedby a fit to the data. The first term describesnon-
resonan{NR) decayto i + j + k with no intermediataesonanceandis assumedo be
independenbf s. For Dt — K~ i i) decayswe Bose-symmetrizeZ with respecto
interchangef ¢} andT; .

In Ref.[4], anexcellentfit to thedatais obtainedwith k andKg (1430 resonanterms
andtheNR termcomprisingthe J = 0 partof Eq. (1).

In this papertheK~m" Swave is examinedin alessmodel-dependentay, outlined
here.A moredetailedaccounts givenin [7].

Termsappearingn Eq. (1) aregroupedaccordingto the valueof J. The S'wave part
(all termswith J = 0, includingthe NR term)is factored

S = S(s) x Mo(p,q)Fs(0,rp,0) (2)

into a partialwave S(s), describingk ~1t" scatteringandthe productMo(p,q)Fs(q, o)
describingthe D decay The P- andD- (J = 1, 2, respectiely) wavesarefactoredn the
sameway:

P = P(S) X Ml(pv q)FD(quDvl) : D = D(S) X MZ(pvq)FD(quDyl)a (3)

with partialwavesP(s) andD(s) consistingof resonantermsgivenasin Eq. (1). The
Swave S(s), however, is replacedy a setof valuescye¥ definedat40 discretesquared
invariantmasses = . Theseareindicatedby thelinesin Fig. 1. Theckx andyg values
areregardedasindependenparameterso be determinedy the data.

An unbinnedlikelihoodfit is madeto the data,in a similar way to that described
in Ref.[4]. An incoherentfunction describingthe 6% backgroundn the samplefrom
eventsthat are not true D decaysis addedin proper proportion at eachthree-body
K~ 1tt massgto asignaldistribution proportionato | 4|%. Thereare86 parametersall
(ck, Yk) andthe coeficientsdc€ for K*(892), K} (1680) in the P-wave andK;(1430)

in the D-wave. For the K*(892), dye% = 1 is usedto provide thereferenceamplitude.

RESULTSAND COMPARISON WITH MODEL-DEPENDENT FIT

Thisfit alsoresultsin anexcellentdescriptionof the data.Comparisorof the obsened
andpredictedpopulationof the Dalitz plot givesa x? probability of 50% for 363 bins.
The S, P- andD-wavesresultingfrom thefit areshovnin Fig. 2.

Theseresultsare comparedwith the model-dependerfit from Ref. [4] which pro-
videdanexcellentdescriptionof the obsered Dalitz plot distribution. Partial wavesfor
thisfit arealsoshavn in Fig. 2. Themain Swave featuresof bothfits agreewell. Some



differencesparticularly at the highestandlowestendsof the invariantmassrange,re-
sultfrom shiftsin the P- andD-waves.Resonanfractionsandthetotal S‘wave fraction
(about75%)alsoagreewell within statisticallimits.
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FIGURE 2. (a)Phasegk = argS(sk) and(b) magnitudesy = |S(s«)| of Swave amplitudesfor K~ 1+
systemsrom DT — K—mtitt decayswith the amplitudeand phaseof the K*(892) asreferenceSolid
circles,with errorbars,shav thevaluesobtainedrom themodel-independefiit describedn thetext. The
effect of addingsystematiauncertaintiesn quadraturas indicatedby extensionson the errorbars.The

magnitudeslottedincludea D+ form-factorFp (q,rp,0) = e~2%/12, The phaseandmagnitudeof P(s)
areshown in (c) and(d), respectiely. In eachcase the parametersinderror matrix from thefit areused
in Eq. (3) to producethe solid curvesshonvn one standardieviation abose andbelow the centralvalues.
Similar plotsfor the D-wave amplitudeD(s) areshovnin () and(f). In all plots,thedashecturvesshav
similar, onestandardieviation limits for the amplitudesobtainedirom theisobarmodelfit in Ref. [4]. In
(a),(c)and(e), | = % phasedor K~ 1" scatteringmeasuredn the LASS experimentareshovn as x’s
with errorbarsindicatingstatisticaluncertainties.

It can be concludedthat, with the presentsamplesize, no significant distinction
betweenthe model-dependerdnd model-independentarametrization®f the Swave
canbemade.

A comparisonof the Swave amplitudesS(s) measurechere with the amplitudes
T(s) obtainedin K~ 1t" scatterings now made.For eachpartialwave J (for eachiso-
spinl) it is expectedthat S(s) = Q(s)T(s) /Fo (0, rp,J))/S/pP Y whereQ(s) describes
the s-dependencef K~ 1t productionin D decays.The Watsontheorem[8] requires,
providedthereis no re-scatteringf the K1t} from 11/, thatQ(s) is arealfunction,so
thatphasegoundin D decayshouldmatchthosein K~ 1t* elasticscatteringdata.

| = 1/2 phasesneasuredby LASS areplottedin Fig. 2. Thereis alarge offsetin the
Swave, about75°, not seenin P- or D-waves. The shapeof S and P-wavesarealso
not the same.Unlesssignificantadmixtureof | = 3/2 K~1t" productionoccurs,these



resultssuggesthatthe conditionsfor the Watsontheoremarenot metin thesedata.
The productionfunction Q(s) is shavn in Fig. 3. The scatteringamplitudeT (s) is
assumedo be elastic,T = sin(y— yo). The phaseoffset vy is requiredto accountfor
the differencebetweenelasticscatteringand D decay Thereappeardo be significant
s-dependencabore ~ 1.2 GeV/c? thatgrows in the region near1.4 GeV/c®> where

Y~ Yo
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FIGURE 3. Thequantitiesp/+/(s) x |S(s«)| x Fo (@, o, 0)/ sin(yk— Yo) plottedassolid circlesfor each
point obtainedfor the Swave amplitudein the model-independeriit describedn the text. Threepoints
betweerl400and1450MeV/c? areomittedfrom the plot astheir valuesfor sin(ykx — yo) arevery small,
makingtheirerrorsextremelylarge. Theregionbetweernthedashedinesshovstheonestandardieviation
limits of this quantityfor the Swave amplitudeobtainedfrom the model-dependeriit. Theinsetshaws,
assmallopencircles,thequantities To(s)|/ sin(y) takenfrom the LASS experimentTheelasticrange up
to Kn'’ thresholdjs indicatedoby double-headedrronvsin bothplots.
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